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L Real Party In Interest (37 C.F.R. § 4L37(c)(l)(i)) 

The real parties in interest in this appeal are Mountain View Pharmaceuticals, 
Inc. having its principal place of business at 3475-S Edison Way, Menlo Park, California 
94025 and Duke University, having its principal place of business at Erwin Road, 
Durham, North Carolina 27710. An assignment assigning all right, title, and interest in 
and to the patent application from L. David Williams, Mark G.P. Saifer, and Merry R. 
Sherman to Mountain View^ Pharmaceuticals, Inc. was recorded in the U.S. Patent & 
Trademark Office on November 30, 2001 at Reel 012320, Frame 0564. An assignment 
assigning all right, title, and interest in and to the patent application from Michael S. 
Hershfield and Susan J. Kelly to Duke University v/as recorded in the U.S. Patent & 
Trademark Office on November 30, 2001 at Reel 012320, Frame 0572. 
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//. Related Appeals and Interferences (37 C.F.R. § 41.37(c)(l)(ii)) 

To the best knowledge of Appellants, Appellants' legal representative, and 
Appellants' assignees, there are no other appeals or interferences that will directly affect 
or be directly affected by, or have a bearing, on a decision by the Board of Patent 
Appeals and Interferences ("the Board") in the present appeal. 
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///. Status of Claims (37 C.F.R. § 4L37(c)(l)(iii)) 

The present application was filed on April 19, 2001 with 41 claims and was 
assigned U.S. Application No. 09/839,946. In a Preliminary Amendment filed on April 
19, 2001, Appellants cancelled claims 1-41 and added new claims 42-76. In a Second 
Supplemental Preliminary Amendment filed on July 10, 2003, Appellants amended 
claims 42, 50, 52, 57 and 74. 

In an Amendment and Reply Under 37 C.F.R. § 1.111 filed December 11, 2003, 
Appellants cancelled claims 42-49 and 60-73 and amended claims 50, 53 and 57-59. In 
an Amendment and Reply Under 37 C.F.R. § 1.111 filed July 6, 2004, Appellants again 
amended claim 50. Claim 50 was fiirther amended in an Amendment and Reply Under 
37 C.F.R. § 1.111 filed May 26, 2005. In an Amendment and Reply Under 37 C.F.R. 
§1.116 filed October 20, 2005, Appellants cancelled claims 74-76. 

Claims 50-59 are pending in this application, and claims 1-49 and 60-76 have 
been cancelled. 

Claims 50-59 have been rejected. 

Claims 50-53 are being appealed. 

Claims 54-59 are not being appealed, as the rejection of those claims for 
obviousness-type double patenting over claims 1-30 of U.S. Patent No. 6,783,965 will be 
overcome with the filing of a Terminal Disclaimer under 37 C.F.R. 1.321(c). 
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IV. Status of Amendments (37 C.F.R. § 4L37(c)(l)(iv)) 

Subsequent to the Final Office Action dated July 20, 2005, claims 74-76 were 
canceled in Appellants' Amendment and Reply Under § 1.1 16 filed October 20, 2005. 

In an Advisory Action dated December 5, 2005, it was noted that, for purposes of 
Appeal, the amendments set forth in Appellants' October 20, 2005 reply have been 
entered. 
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V. Summary of Claimed Subject Matter (37 C.F.R. § 4L37(c)(l)(v)) 

The invention as presently claimed is drawn to an isolated tetrameric mammalian 
uricase, wherein at least about 90% of the uricase is in a tetrameric form and less than 
about 10% of the uricase is in a non-tetrameric aggregated form. In certain such 
embodiments, the uricase is porcine liver, bovine liver or ovine liver uricase. In other 
such embodiments, the uricase is recombinant. In certain other such embodiments, the 
uricase has the sequence of porcine, ovine or baboon liver uricase. 

Support for the sole independent claim involved in the present appeal, claim 50, 
is found in the specification at least at page 10, lines 15-29; page 16, line 5 through 
page 17, line 23; and in claims 34, 40 and 41 as originally filed. Claims 51-53 all depend 
directly or indirectly from claim 50, and add particular features to the uricase recited by 
claim 50; hence, support for claims 51-53 is found in the same manner as that for claim 
50. In addition, claims 51-53 are further supported in the specification at least at page 8, 
line 30 through page 9, line 10. 
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VL Grounds of Rejection to be Reviewed on Appeal (37 C.KR, § 4L37(c)(l)(vi)) 

In the final Office Action mailed July 20, 2005 and the Advisory Action mailed 
December 5, 2005, claims 50-53 were rejected under 35 U.S.C. § 102(b) as being 
anticipated by Lee et al.. Science 239: 1288-1291 (1988) (hereinafter "Lee") 
(Exhibit A).^ 

Accordingly, the sole ground of rejection presented for review on appeal is the 
rejection of claims 50-53 under 35 U.S.C. § 102(b) as being anticipated by Lee. 



Appellants' note that in the final Office Action mailed July 20, 2005, claims 50-59 were also 
rejected for obviousness-type double patenting over claims 1-30 of U.S. Patent No. 6,783,965 (the '965 
patent). As noted in section III above, however, a Terminal Disclaimer under 37 C.F.R. § 1.321(c) over 
the '965 patent will be filed. Accordingly, the obviousness-type double patenting rejection will be 
overcome, and the rejection of claims 50-59 on this ground therefore is not presented for review on appeal. 
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VIL Argument (37 C.F.R. § 4L37(c)(l)(vii)) 

A. Claims 50-53 Are Not Anticipated By Lee 

Claims 50-53 were rejected under 35 U.S.C. § 102(b) as anticipated by Lee. The 
Examiner relied on Lee as allegedly teaching an isolated tetrameric mammalian uricase, 
wherein at least about 90% of said uricase is in a tetrameric form and less than about 
10% of said uricase is in a non-tetrameric aggregated form. However, Lee does not 
teach every element recited in claims 50-53. Therefore, the Examiner's rejection of 
claims 50-53 based on 35 U.S.C. § 102(b) over Lee is legally and factually unfounded. 

To establish a prima facie case of anticipation under § 102(b), the examiner must 
show that "each and every element as set forth in the claim is found, either expressly or 
inherently described, in a single prior art reference." Verdegaal Bros. v. Union Oil of 
California, 814 F.2d 628, 631 (Fed. Cir. 1987). See also Kalman v. Kimberly Clark 
Corp., 713 F.2d 760, 771 (Fed. Cir. 1983), cert denied, 465 U.S. 1026 (1984). Because 
the Examiner has failed to establish that each and every element of claims 50-53 is 
described, either expressly or inherently, in Lee, this rejection of claims 50-53 must be 
reversed. 

B. Despite Examiner's Assertions, Lee Does Not Expressly Disclose Each 
And Every Element Of Claims 50-53 

In making this rejection, the Examiner has contended that Lee discloses the 

purification of porcine and murine tetrameric uricases that contain at least about 90% 

tetrameric uricase because the reference mentions that porcine and murine urate oxidase 

were "purified to homogeneity." See Lee at page 1289. The Examiner thus interpreted a 

"homogeneous" preparation of uricase in Lee to encompass a preparation in which at 

least about 90% of the uricase is in tetrameric form. See Final Office Action mailed 

July 20, 2005 at pages 3-4. Furthermore, the Examiner pointed to a statement in Lee that 
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mammalian uricase "exists as a tetramer with an apparent subunit size of 32,000 
Daltons" to support his contention that the mammalian uricase disclosed in Lee was 
100% in the tetrameric form. See Lee at page 1288 and Final Office Action mailed July 
20, 2005 at page 3. Appellants respectfully disagree with these contentions, and with 
this interpretation of Lee upon which these contentions are based, for at least the 
following reasons. 

7. Lee Does Not Expressly Disclose A Tetrameric Uricase As 
Required By The Present Claims 

First, Lee does not expressly disclose the purification of tetrameric mammalian 

uricase as recited by the claims of the present application. Lee only indicates that 

porcine liver and murine urate oxidase were purified to homogeneity. Lee does not 

indicate that at least about 90% of the "purified" uricase was in a tetrameric form. 

Indeed, Lee does not indicate in what form the "purified" uricase was, let alone that at 

least about 90% of it was in a tetrameric form. Therefore, the Examiner's contentions 

that Lee discloses an isolated tetrameric marmnaUan uricase, wherein at least about 90% 

of said uricase is in a tetrameric form and less than about 10% of said uricase is in a non- 

tetrameric aggregated form are factually incorrect. 

2. Isolation of Tetrameric Uricase, Wherein At Least About 90% 
Of The Uricase Is In A Tetrameric Form, Was Not Possible 
Prior To Present Invention 

Second, while the Examiner was correct in his assertion that mammalian uricase 
has a tetrameric structure (as disclosed in the Lee reference). Appellants respectfully 
point out that this is not the same as isolated uricase being in a non-aggregated, 
tetrameric form (as claimed in the present invention),^ As is clearly indicated in the 

2 

Additionally, in the Final Office Action, mailed July 20, 2005, on page 6 and the Advisory 
Action, mailed December 5, 2005, on page 5, the Examiner asserted that Conley et al.y J. Biochem. 187: 
727-732 (1980) (Exhibit B) which discloses uricase from pig liver consisting of four apparently identical 
subunits "further clarifies that the uricase is tetrameric [four subunitsj." However, Appellants again point 
out that uricase being in a non-aggregated, purely tetrameric form (as in the present invention) is not the 
same as uricase having a tetrameric structure (as in the Conley reference). 
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present specification, prior to the present invention, it was not possible to isolate 

tetrameric uricase wherein at least about 90% of the uricase was in a tetrameric form. 

Prior to the present invention, isolated preparations of natural and recombinant uricase, 

including those disclosed in Lee, contained a mixture of forms of the enzyme, including 

high content of non- tetrameric aggregates. See specification at page 16, lines 5-16. The 

estimated percentage of the non-tetrameric aggregated form of the enzyme present in 

such purified and isolated preparations varies from more than 10% to about 80%. See id. 

Indeed, the preparations used in Lee would not contain uricase in which at least about 

90% of the uricase was in a tetrameric form and less than about 10% of the uricase was 

in a non-tetrameric aggregated form. See specification at page 16, lines 5-8. 

5. Preparations of Uricase Disclosed in Lee Are Not Tetrameric 
Uricase, Wherein At Least About 90% Of The Uricase Is 
In A Tetrameric Form 

Contrary to the Examiner's contentions, the "homogeneous" uricase preparations 
of Lee are not enriched in the tetrameric form of uricase. Instead the uricase present in 
these preparations is in the form of monomers, formed from aggregates of isolated 
uricase by the SDS-PAGE (PolyAcrylamide Gel Electrophoresis in the presence of the 
detergent, Sodium Dodecyl Sulfate) process used in Lee. The method employed and 
cited by Lee for assessing the homogeneity of the murine urate oxidase preparations 
disclosed in that reference confirms that Lee is analyzing monomeric subunits of uricase 
rather than the tetrameric form of the enzyme. See T.G. Conley and D.G. Priest, 
"Purification of Uricase from Mammalian Tissue," Preparative Biochemistry 9:197-203 
(1979) (hereinafter "Conley") (Exhibit C) (cited by Appellants in the Amendment and 
Reply Under 37 C.F.R. § 1.111 filed November 2, 2004). Conley (and therefore Lee, 
citing Conley at page 1289, 2nd column) used SDS-PAGE to analyze the uricase. While 
the Examiner was correct that "in a denaturing gel such as SDS/PAGE, only the subunit 
form [sic] of the uricase is evident," Appellants respectfully contend that the commercial 
preparation of uricase obtained by Lee for use in SDS-PAGE is not in the "native 
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tetrameric form" as asserted by the Examiner on page 6 of the Final Office Action mailed 
July 20, 2005 and on page 5 of the Advisory Action mailed December 5, 2005. 

As Appellants noted in their Reply filed in the present matter on December 1 1 , 
2003, at pages 26-28, uricase preparations such as those available fi-om Sigma (including 
Sigma Cat. No. U 3250, the particular commercially available uricase used in the studies 
in Lee) contain substantial quantities (z.e., more than about 10%) of the non-tetrameric 
form of the enzyme. Put another way, the Sigma uricase used in Lee does not contain 
uricase in which at least about 90% of the uricase is in a tetrameric form, as required by 
the present claims. Moreover, although Lee reports that the Sigma uricase was "purified 
to homogeneity," Lee at page 1289, col. 2, first full paragraph, this reference does not 
indicate that the "purified" uricase was at least 90% in the tetrameric form. Indeed, the 
reference does not indicate in what form the "purified" uricase was, let alone that at least 
90% of it was in the tetrameric form. 

This contention is supported by the present specification which discloses that a 
commercial preparation of uricase, also obtained fi"om Sigma, had to be purified by the 
methods of the present invention in order to obtain the tetrameric form of uricase. See 
specification at page 20, lines 9-13. The specification fiuther discloses that natural and 
recombinant uricases isolated fi-om bacteria, fimgi, mammals and plants require 
purification by the methods of the present invention in order to obtain isolated tetrameric 
uricases. See specification at Examples 4-10. In addition, as indicated above, prior to 
the present invention, uricase was known to rapidly form aggregates larger than 
tetramers upon being isolated fi-om the tissue. Hence, if the isolated commercial 
preparation of uricase used by Lee had been analyzed prior to bring denatured during 
SDS-PAGE analysis, it would have been seen that that uricase preparation did not 
contain at least about 90% of the uricase in a tetrameric form and less than about 10% in 
a non-tetrameric aggregated form—most of it would instead have been in a non- 
tetrameric aggregated form. Therefore, the authors of Lee would not be expected to have 
produced an uricase preparation in which at least about 90% of the uricase was in a 
tetrameric form; instead, more than 10% of the uricase would have been present in a non- 
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tetrameric aggregated form. This conclusion is further supported by the Declaration 
Under 37 C.F.R. § 1.132 by Merry R. Sherman, Ph.D. (Exhibit D), and the figures 
attached thereto, that was filed with Appellants' Amendment and Reply on May 26, 
2005. 

Given the discussion above, Lee clearly discloses only preparations of uricase in 
which more than about 10% of the uricase is either: (a) in a non-tetrameric aggregated 
form {i.e., the commercial preparation); or (b) in a monomeric form after SDS-PAGE 
analysis. Lee, therefore, does not disclose preparations of isolated uricase in which at 
least about 90% is present in a tetrameric form. Indeed, Lee does not even expressly 
disclose purifying a tetrameric form of uricase, disclosing only the purification of uricase 
monomers. Thus, in disclosing "purification to homogeneity" of porcine and murine 
uricases, Lee is preparing uricase monomers and not uricase preparations in which at 
least about 90% of the uricase is tetrameric, as is presently claimed. That is, contrary to 
the Examiner's contentions, "homogeneity" in Lee does not mean "greater than about 
90% tetrameric" — instead, "homogeneity" as used in Lee only means that the uricase has 
been purified away fi-om non-uricase contaminants. This homogeneous uricase, 
however, could be present in any multimeric form or even in the monomeric form. 
Given that SDS-PAGE denatures multimeric proteins into their component monomeric 
forms, a preparation of uricase containing any multimeric form of the enzyme — or even 
containing a mixture of multimeric forms which, as the present specification points out is 
the most likely form of the commercial uricase used by Lee ~ would appear exclusively 
in the monomeric form after being run on an SDS-PAGE gel. Thus, this statement in 
Lee relating to homogeneity says nothing about the form, tetrameric or non-tetrameric, in 
which the uricase of Lee exists prior to SDS-PAGE analysis. Moreover, a homogenous 
preparation of isolated monomeric uricase ~ which is the only isolated uricase expressly 
disclosed in Lee ~ is not the same as an isolated tetrameric uricase which is recited by 
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the present claims. Thus, as one of ordinary skill would readily appreciate, Lee does not 

expressly disclose the production of mammalian uricases having the characteristics 

recited in the present claims. 

C. Examiner's Reliance Upon Inherent Anticipation Is Also Factually and 
Legally Unfounded 

If instead, the Examiner was basing this rejection upon the possible inherent 
disclosure of the claimed uricases in Lee, Appellants respectfully disagree with this 
approach. To rely on an inherency argument, "the examiner must provide a basis in fact 
and/or technical reasoning to reasonably support the determination that the allegedly 
inherent characteristic necessarily flows from the teachings of the applied prior art." Ex 
parte Levy, 17 USPQ2d 1461, 1464 (PTO Bd. Pat. App. Int. 1990) (emphasis in 
original). This burden has not been met in the present case, since the Examiner pointed 
to no disclosure in Lee, nor any sound scientific reasoning, that uricases containing at 
least about 90% tetrameric uricase "necessarily flow" from the disclosure in Lee. 
Indeed, as discussed in detail above, the present specification clearly shows that by 
preparing uricases according to the methods of Lee, one of ordinary skill at best would 
succeed in preparing uricases that contain less than about 90% tetrameric uricase. 
Indeed, the methods of Lee would result in a uricase preparation in which most, if not all, 
of the uricase was in a monomeric^ not tetrameric, form. Thus, any reliance by the 
Examiner upon inherent anticipation by Lee is factually and legally unfounded. 

It is, of course, possible that the intermolecular association of four isolated 
monomers in vitro, under appropriate solution conditions, might theoretically make up a 
tetrameric uricase. Importantly, however, Lee neither expressly nor inherently discloses 
such preparations nor the appropriate solution conditions for producing such preparations 
from the monomeric subunits of uricase obtained in the SDS-PAGE gels disclosed in this 
reference. As the Federal Circuit has held, a claim can only be anticipated by a 
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publication if the publication describes the claimed invention with sufficient enabling 

detail to place the public in possession of the invention. See In re Donahue, 766 F.2d 

531, 533 (Fed. Cir. 1985); see also PPG Industries, Inc. v. Guardian Industries Corp,, 75 

F,3d 1558, 1566 (Fed. Cir. 1996) ("To anticipate a claim, a reference must disclose every 

element of the challenged claim and enable one skilled in the art to make the anticipating 

subject matter."). Since Lee does not disclose how one of ordinary skill might take the 

homogeneous isolated monomeric preparations of uricase disclosed in that reference, and 

produce isolated tetrameric uricase from those monomers, this reference does not enable 

one of ordinary skill to make the subject matter of the presently claimed invention. 

Accordingly, for at least these reasons, and under Donohue and PPG Industries, Lee 

cannot and does not anticipate the present claims. 

D. Lee Does Not Expressly Or Inherently Disclose Each And Every 
Element Of Claims 50-53 

Moreover, under 35 U.S.C. § 102, a claim can be anticipated only if every 
element in the claim is expressly or inherently disclosed in a single prior art reference. 
See Kalman v. Kimberly Clark Corp,, 713 F.2d 760, 771 (Fed. Cir. 1983), cert, denied, 
465 U.S. 1026 (1984). The Examiner has pointed to no express disclosure in Lee that 
would support the Examiner's statement that the "homogeneous preparations of porcine 
or murine tetrameric uricase comprises the at least about 90% tetrameric form of 
mammalian uricase claimed." See Final Office Action mailed July 20, 2005 at page 4. 
Furthermore, the present specification clearly shows that by preparing uricases according 
to the methods of Lee, one of ordinary skill at best would succeed in preparing uricases 
that contain less than about 90% tetrameric uricase. Thus, any reliance upon Lee in an 
anticipation rejection is factually and legally unfounded. 

Accordingly, Lee does not expressly or inherently disclose the presently claimed 
invention. Hence, under Kalman, this reference cannot support a rejection imder 35 
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U.S.C. § 102(b). The rejection of claims 50-53 under 35 U.S.C. § 102(b) over Lee 
therefore should be reversed by the Board. 
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VIIL Con elusion 

Claims 50-53 are patentable over Lee because the Examiner has failed to 
establish that Lee anticipates claims 50-53. Therefore, Appellants respectfully request 
that the honorable Board reverse the Examiner's final rejection of these claims, and 
remand this application for issue. 



Respectfully submitted, 



Brian J. Del Buono 
Attomey for Appellants 
Registration No. 42,473 





1 100 New York Avenue, N.W. 
Washington, D.C. 20005-3934 
(202) 371-2600 
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IX, Claims Appendix 

Claim 50. An isolated tetrameric mammalian uricase, wherein at least about 90% of said 
uricase is in a tetrameric form and less than about 10% of said uricase is in a non- 
tetrameric aggregated form. 

Claim 51. The isolated tetrameric uricase of Claim 50, wherein the uricase is porcine 
liver, bovine liver or ovine liver uricase. 

Claim 52. The isolated tetrameric uricase of Claim 50, wherein the uricase is 
recombinant. 

Claim 53. The isolated tetrameric uricase of Claim 52, wherein the uricase has the 
sequence of porcine, bovine, ovine or baboon liver uricase. 
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Evidence Appendix 

Exhibit A Lee et al. Science 239: 1288-1291 (1988) cited by Appellants in 
the First Supplemental Information Disclosure Statement filed 
November 14, 2002 as document AT 14 and cited by the Examiner 
in the Office Action mailed September 11, 2003 



Exhibits Conley et al, J, Biochem. 187: 727-732 (1980) gited by the 
Examiner in the Office Action mailed July 20, 2005 

Exhibit C T.G. Conley and D.G. Priest, Preparative Biochemistry 9:197-203 
(1979) cited by Appellants in the Amendment and Reply Under 37 
C.F.R. §1.111 filed November 2, 2004 

Exhibit D Declaration Under 37 C.F.R. § 1.132 by Merry R. Sherman, Ph.D., 
filed with Appellants* Amendment and Reply Under 37 C.F.R. 
§ 1.111 on May 26, 2005 and acknowledged by Examiner in the 
Office Action mailed July 20, 2005 
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XI. Related Proceedings Appendix 

To the best of the knowledge of Appellants, Appellants* legal representative, and 
Appellants* assignees, there are no other appeals or interferences which will directly 
affect or be directly affected by, or have a bearing on, a decision by the Board of Patent 
Appeals and Interferences ("the Board") in the present appeal. 

495944 
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would allow much better access to other 
hydiated ions and thus limit the preference 
of cesium ions. Hie ideal interlayer spacing 
coupled with die high charge density of the 
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and trapping of the cesium ions. PardaUy K- 
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um from concentrated solutions containing 
Nz^ or Ca^+, these two ions being domi- 
nant in natural waters. 
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Cesium (equHlbTlum traction) In sotutlon 
Fi^ 3. Ka :^ Cs exchange isodicrm of K-deplet- 
cd phlo^itc mka widi constant amounts of 
scrfid, water, and total catioas, but variable pco- 
pcntkms of Na* and Cs* cations. 

above the diagoaal line initially, which 
sboFws that Cs* is highly preferred over Na+ 
initially. However, exchange does not go to 
completion, as indicated 1^ the cesium ex- 
change capadcy of 91.4mcq/100 g, because 
of the interlayer collapsing and cesium ion 
trapping cffea as described above. Cesium 
preference over sodium at die initial stages 
was emmiely high, as indicated by the data 
points of the isothenn Ming well above the 
diagonal line. The extreme preference of 
ccshim over sodium ions in die K-deplcted 
phlogopite mica is further attested by die 
fort that the total cesmm exchange capacity 
is ^proximately die same whether sodium 
is present (91.4 meq of cesium per 100 g) or 
ab«ent (93.7 meq of cesium per 100 g) in 
the equilibrating sohirion. The interlayer 
spacing of 2.89 A is ideal for die difiusion of 
less hydrated cesium ions, just as in the case 
of 7-airconium phosphate, which has an 
bterlayer spacing of 2.85 A ((5). 

A lower interlayer spacing would rescria 
die difiusion of all ions including cesium, 
whereas an increase in interlayer spacing 
12S8 



Sequmce: GIomiDig of Umte Osidbse 

Cheng Chi Lbe,^ Xiangwei Wu, Richard A. Gibbs, 
Richard G. Cook, Donna M. Muzny, C. Thomas C^key 



Ume ojodase (E.G. 1.7.3,3) catalyzes she oiddation of uric add to alkntoin m mose 
floammails except humatis and certain primates. ISic amino-ttetminaS amicio add 
sequence fiir porane tarate oxidase was dc^^ 

g^^tog complementary BNA (cDNA) probes to this amino add sequence. ISec 
procedure ns based oa the polymerase chain reacttcsa and utilizes mked oKgomidcodde 
pnmears compkmcmary to the tevew^ 

ms rapid and simple cDNA doning pmcedme is gencnally applicable and tmwi&t 
onty a partial amim) add sequence. A cDNA probe devctoped by tito 
used to isolate a fuU-kngda poirdnc mate oxidase cDNA and to demonsflratc the 
presence of hoxm>logoas genomic sequences in hmnans. 



IN MOST MAMMALS, URATE OJODASB IS 
present in the liver, with litde or unde* 
tectable activity in other tissues. It is 
assodated widi the peroxisome and exists as 
a tetramer with an apparent subunit size of 
32,000 daltons (2), Humans and certain 
primates lack this enzyme activity (2). Over- 
production or clevat^ scrum uric acid levels 
in man can lead to gouty arthritis. The 
recent identification of mice with com- 
plete hypoxanthine-guaninc phosphoribo- 
syl transferase (HPRT) defidcncy diat do 



not display any of die symptoms of Lesch- 
Nyhan's syndrome has raised the possibility 
that the absence of urate oxidase activity in 
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X. Wu, Dfflartmcnt of Biodjcmistry. Baylor CoU^ of 
Medidnc, Housccmi, XJC 77030. 
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Fig. 2, MOPAC cloned pPUOl cDNA and the 
ura« oxidase NHi'terminal amino add sequence. 
(A) DNA sequence of pFUOl. (B) The porcine 
urate oxidase NHrtcnninal sequence o^xespond- 
ing to die 5' open reading frame sequence of a 
22* kb cDNA The sequence whidi is undcriined 
Ofreprcscnted in bold letters cone^xwids to dwt 
obtained by peptide sequencing <^ the porcine and 



murine urate oxidases, tcspcctxvcty. 



the purine mctaboiism pathway in man may 
contribute to the development of the neuro- 
logical symptoms observed in human pa- 
tients (3), For these reasons we have under- 
taken the molecular cloning of urate oxidase. 

A major procedure in complcmemaiy 
DNA (cDNA) cloning involves the synthe- 
sis of oligonucleotide pr<^ to a known 
peptide sequence. However, the degeneracy 
of die gaietic code for all amino adds except 
metfiionitic and dyptophan requires synthe- 
sis of oligonudeotide mixtures for use as 
hybridization probes Developing the 
a)ndirions to distinguish an audicnric signal 
fewn spurious hybridization is difficult and 
time consuming with d^eratc oUgonu- 
<icotide probes (d). To overcome thcsclimi- 
I Prions, we have dcvdoped a procedure, 
based on the polymerase chain reaction 
(PCR), for cDNA probe generation from 
amino aad sequences witfi highly dcffcncr- 
atecodons. 

The recent^Jr described PGR technique 
has been used to construct mutations in 
vitro and to amplify single copy sequences 
Widiin complex DNA mixtures for facile 
cl<Miing and analysis (7). We now show diat 
specific cDNA probes can be rapidly gcncr- 

« MARCH 1988 



atcd by the PGR when mixed oligonudeo- 
ddes derived from amino add sequence arc 
used as primers. Ihe cDNA probe generated 
by mixed oligonudeotide primed amplifica- 
tion of cDNA (MOPAC) can be used for 
hybridization smdies or for screening a 
cDNA library for a fiiU-length done. 

Porcine liver luace oxidase was obtained 
cxMnmerdally and purified to homogeneity 
(8). Automated Edman degradation of poly- 
peptide (100 piconiolcs) allowed the deter- 
mination for the sequence of the first 32 
aniino adds. Purification of murine urate 
oxidase to homogendty was also carried out 
(8) and the amino add sequence from a 
cyanogen bromide dcavage peptide was de- 
termined A GcncBank library scardi (P) has 
revealed no sequence homology to previous- 
ly doned genes or peptide sequence. 

The strategy used to generate a cDNA 
probe &om this amino add sequence is 
described in Fig. lA. Polyadcnylated [po- 
fy{Ay] messenger RNA (mRNA) was pu- 
rified from pordnc liver and first strand 
cDNA was gcnwated wirfi reverse transcrip- 
tase from Moloney murine leukemia virus 
and oligo(dT) primers. After alkaline hy- 
drolysis of die mRNA {10), MOPAC was 



canried out on die single stiand cDNA 
(sscDNA) population. Hie mixed oligonu- 
deotide primers uspd for ampiificarion wctc 
selected as described in Fig. IB. The sense 
and antisensc primiiig regions represented 
ammo add sequences 1 to 5 and 28 to 32 
respect! vdy. The sense primers were symhe-' 
sized widi a Hind m linker indudiii two 
nudeotidcs from ibc codon specifying die 
sbrth amino add, asparagine, since the addi- 
tion of these two nucleotides docs not alter 
primer degeneracy. The antiscnse primers 
wcrcsyndiesized widi an Eco RI linker: the 
primers indudcd two out of the four possi- 
ble oodon degencrades for glydnc. For each 
of these five sdcctecl amino adds there are 
two codon degencrades. Thus, for each 
primor mix dierc are 32 (diat is, 2^) different 
combinations. An internal oligonucleotide 
probe was syndKsized to represent amino 
add scquttice 13 to 21 widi the most fre- 
quendy used codons (11), The cxpccud size 
of a successful amplification product would 
be a cDNA of 112 bp inducing die restric- 
tion cn2yme linkers. 

After 21 cycles of amplification, die suc- 
cess of MOPAC was determined by Soudi- 
em hybridization with die internal probe. 
This probe hybridized strongly to a product 
of the objected size (112 bp) in the ampli- 
fied fractiOT, but not in the preamplificd 
fraction (Fig. IC). In die preamplificd frac- 
tion, the signal observed in the r^on of die 
gel where the primers migrated su^csts a 
low Icvd of nonspecific hybridization to the 
primers. These results show that a produa 
of the expected size has been amplified. To 
rescue diis amplified cDNA, the entire am- 
plification reaction was purified by phenol/ 
chloroform extraction, d^estcd with Eco RI 
and Hind III, and doned into the Eco RI 
and Hind III sites of vector pTZlSR. 

Seven dones containing the 1 12-bp insert 
were identified by in ska hybridization (10) 
of transformed bacterial colonies with the 
internal probe. One of these (pPUOl) was 
sequenced by die didcoxy procedure (22), 
which revealed an open reading fiamc se- 
quence that corresponded to the NHj-tcr- 
minal amino add sequence of pordne urate 
oxidase (Fig. 2A). 

For isolating the full-length porcine urate 
oxidase cDNA, a pordne liver X cDNA 
library was constructed (13), About 
200,000 primary recombinant phage were 
screened and about 1 in every 10,000 ph^ 
plaques hybridized to die insert from 
pPUOl and contained inserts ranging from 
1.8 kb to 2.2 kb. Dideoxy sequencing of the 
5' r^on of a 2.2-kb cDNA gave an open 
reading frame amino acid sequence that 
corresponded to die NH2-tctminal sequence 
for both pordne and murine urate oxidase 
derived from peptide sequencing (Fig. 2B). 
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pPUOl 
pPU02 

pruo3 

pPU04r 

pPUOS 
pFU06 
pPU0 7 
Authentic 



GATTATAAGAAGAATGA 
GATTATAAGAAGAAraA 
GAftACAAGAAGAAOGA 

gactataaSaagaa^ga 
gattataagaagaatga 
gactataagaagaatga 
gattacaagaagaatga 
gactacaaaaagaatga 



GATGGCAAATATCAC 
GATGGCAAATACCAC 
GAOGGCAAATACCAC 
GATGGCAAATACCAC 
GATGGCAAATACCAC 
GAOGGrCAAATATCAC 

ca5ggcaaatatcac 
gaIggSaaatatcac 



FIfl. 3, Nortbcm aad genomic Southern analysis 
r^A^^ Autoradiography on po- 

ly(A)* aiRNA probed mth die 2.2-kb cDNA 
prd)c: lane 1, 5 |ig of muiinc liver inRNA; lane 
2, S }tg of potdnc liver niRNA (B) Autoradio- 
graph of genomic DNA digested with Eco RI and 
probed with the 2Jrkb cDNA. Lanes 1, 2, and 3 
arc dttcc unrdatsed humans; lane 4, mouse; lane S, 
hamster. Probe bybridizadon was carried out at 
42 C m die presence of 50% fomiamidc (19). The 
bloc were washed in 2x SSQ 0,1% SDS at 




Thus, the 2.2-kb cDNA is an auriicntic 
done for the pordnc urate oxidase. 

The pPUOl sequence is homologous to 
the 2^-kb cDNA except for the region 
corresponding to die primers used for the 
MOPAC procedure. To determine whcdicr 
any primers were preferred, six oAcr pPUO 
doncs obtained by the MOPAC procedure 
woe sequenced. The results (Table 1) dem- 
onstrate that die generated sequences are 
identical to die audicndc sequence but not 
the primers' scquaicc. Thus, the MOPAC 
procedure will generate authentic sequence 
even when there arc base pair mismatches 
between die primers and the cDNA. Differ- 
ent primers were found in die pPUO dones 
aldiough two particular sets of primers were 
found more frcquentiy dian odicrs. There 
are no obvious rules governing rficsc base 
pair mismatdics, ahhough a C-Tmismatdi 
seems more prevalent dian a G-A mismatch. 
The audicndc codon usage for gfydne, 
which was not available in die primers, was 
accommodated by die selection of GGC as 
die preferred codon in die pPUO dones. 

Cotony hybridization widi a honwlogous 
oligonudcotidc probe derived fiom amino 
aad sequence 6 to 27 indicated diat audicn- 
tic pPUO doncs arc about 2% of die total 
transformed bacterial colonies. It is envis- 
that widi die introduction of a size 
fiacnonation step, die frequency for bona 
fide MOPAC dones would be increased to a 
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Icvd suitable for direa mini-plasmid analy- 
sis. Sdecrion of MOPAC dones should be 
based on size of die expected cDNA prod- 
uct Several dones having inserts of 70 bp or 
less were also characterized and found to 
contain predominandy primers. These ap- 
pear to be nonspcdfic amplified products 
similar to diose reported for PCR {24). 

A Northern blot analysis of the porcine 
and murine poly(A)+ mRNA widi die 2.2- 
kb cDNA probe identifies mRNAs of about 
L8 and 2.2 kb (Fig. 3A). Li die murine 
sample, a minor S.^kb mRNA is also ob- 
served. From die size of die mRNA, the 2.2- 
kb cDNA would represent an apparent fiUl- 
ler^ cDNA for die pordnc urate oxidase. 
This has been confirmed by the presence of a 
dmilar 3' sequence inchiding a poIy(A) tail 
and a 5' sequence corresponding to die 
NH2-tetminal peptide sequence fixwn differ- 
ent fiill Icngdi cDNA doncs. 

Human and certain primates have no 
detectable activity for urate oxidase. The 
total absence of enzyme activity is in keeping 
widi die 6a that uric add is a major crcrc- 
rion produa in these mammals (2). Surpris- 
ingly, a Soudiem blot analysis of human 
genomic DNA indicates the presence of 
i«stricrion fragments riiat are homologous 
to porcine urate oxidase cDNA (Fig 3B) 
When pPUOl was used as die prtibe, a 
single restriction fragment was observed 
widi human, mouse, and hamster genomic 



SSw"^""" ""^^ ^ 

Old World pnmatcs and certain New World 
primates, a low Icvd of urate oxidase activity 
IS present ia die liver and has low in vitro 
stabihty compared to die enzyme from odicr 
«»ammals suggesting evolutionary differ- 
ences (25). In humans, die total loss of 
enzyme activity is probabfy due to a lack of 
gene expression since a Nordiem blot analy. 
SIS of human Kver poly(A)^ mRNA shows 
an absence of urate oxidase mRNA. 

Previous studies have indicated diat die 
presence of imperfecdy matched sequences 
in die same reaction may not interfere widi 
die hybridization of the homologous se- 
quencc widi its cDNA (16). This would 
suggest die MOPAC procedure wifl favor 
die homologous prima: as compared to 
nonhomologous primers. Our tcsuhs show 
that diis need not be the case. The observa- 
tion tiiat die characterized pPUO dones do 
not always share die same primers and dm 
none of dicsc primers are homologous to 
die audientic sequence indicates diat die 
Klcnow fragment of DNA polymerase 1 
(27) will effidcndy catalyze polymerization 
using imperfecdy maohcd primers. This is 
probably a rcecction of die flexibility of 
Klenow polymerase rather than an aberra- 
tion in DNA hybridization kinetics. This is 
st^>ported by sttidies in which PGR has 
been used to generate mutations in vitro by 
nuspriming (14). Mispriming can occur in 
die MOPAC procedure during die initial 
annealing or during die subsequent amplifi- 
cation cydcs. Our results denwnstrate diat 
bona fide probe generaricHi will occur even 
when diere is a 20% base pa&' mianatdi 
between the primer and the audientic 
cDN A. The tolerance for such a hi^ levd of 
base pair mismatch is an important advan- 
tage of diis procedure since codon degen- 
eracy can vary widi dificrcnt amino adds. 
The maximum tolerable kvd of base pair 
niismarch is not dear aldiough the maxi- 
mum possible mismatch of 33% was not 
observed in the dones charaaerized. We arc 
uncertain of the upper limit for the number 
of primer combinations ahhough die flcri- 
bility in base pair mismatdi may reduce die 
significance of this patameter. 

This MOPAC procedure for cDNAdon- 
ing has advantages over library screening 
wirii degenerate oligonudcotidc probes syn- 
diesized to die polypeptide sequence. The 
rapid confirmatira of die MOPAC-generat- 
cd probe by dideoxy sequencing allowed its 
use for the screening of a cDNA library for 
full-lcngdi doncs at maximum hybridization 
soingency for effident elimination of unau- 
tiicntic clones. Hie MOPAC procedure 
should have general application to the don- 
ing of genes for proteins whose amino add 
sequence is known. 
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«, occonfiMf tt> the manufecnircf's qhxificatbns. 

f*^ «d-labcled in Ac presence 
!?f^)^PJ*^ »VT4 polymldaxide 

Wna«(/a). The probe hybridization 
at 4^ in 6x SSQ 0.1% SDS, 0.1% sodhim 
pynjphosphatc, 0.1% Denbaxdes sohition. 50 xttM 
^'^O^pH 7.5, and SO jig^ml denatured heoing 
^^A^N^The blot was washed in 2x SSC. 0.1% 
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ARGB-SCALB MOVEMENTS OP ANI- 

maib arc found in many taxonomic 
JL^ groups (2). The migradons of diad- 
romous fish spcdcs, diosc that migrate be- 
tween the ocean and ftcshwater, are particu- 
larly enigmatic because this beiiavior neces- 
sitates physiological changes in osmoregula- 
tion (2), Diadromous fishes are found in 28 
femiiies and include two distincdy difietcnt 
groups: (i) 87 anadromous species, such as 
salmon (SalmcMiidae) and lamprey (Petro- 
myzontidac), whidi are bom in fieshwat^, 
migrate to the ocean, and return to fieshwa- 
ter to ^awn; and (ii) 41 catadromous spe- 
cies, sudi as some eels (Anguillidae) and 
mullets (Mugilidae), which ate bom in the 
ocean, migrate to fieshwatcr, and return to 
die ocean to spawn (3). Ihe existence of 
these contrasting directions of mgration has 
bug been perplexing. Indeed, it has been 
described as a paradox in animal migtadon 
(i). We rqjort that diadromous migrations 
may occur in fishes because of the diflfcren- 
dal availability of ftjod resources in ocean 
and fieshwatcr habitats. Moreover, it is be- 
cause Ac relative productivity of oceans and 
fieshwatcrs is not constant but cfaahges with 
latitude that the contrasting directions of 
anadronK>us and catadromous migration 
can exist 

In theory (4), diadromous life histories 
will evolve tlux)ugh namral selection onty 
when migration across the occan-fieshwater 
boundary, provides a gain to indhidual fit- 
ness (lifetime rq>roductive success) that ex- 
ceeds the costs of this behavior. These costs 
may include adjustments to physiology, allo- 
cation of energy for swimming, and in- 
creased probability of mortality during mi- 
gration. Several authors (1, 5-9) have specu- 
lated on what factors might favor juvenile 
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fishes deserting their habitat of birth for 
residency elsewhere. Among dicse have 

been decreased predation, decreased disease, 
decreased plg^logical stress, or increased 
fixKi availability. To date, diesc hypodiescs 
have not been tested quantitatively because 
of the k^istic prcAIems presented by ani- 
mals tiiat may travel several tliousand kilom- 
eters arid because of our limited knowledge 
of the life histories of many fish species. 

McDowalTs (3) findings on die global 
geographic distributicm of diadromous spe- 
cies are shown in Eg. lA. These data indi- 
cate latitudinal dificrenccs in the worldwide 
distribution of anadromous and catadro- 
mous fidics, widi anadromy being more 
common in temperate (including arctic) lati- 
mdes and catadromy in the tropics. There- 
fore, any hypotiicsis for die evohition of 
diadromy must not only provide evidctKe 
for a substantial fimess benefit to a diadro- 
mous migrant, but must also account for dt e 
geographical distribution of diadromy. A 
hypothesis based on the di&rential avail- 
ability of food in the oceans and fieshwaters 
meets these criteria. 

Let us first consider wiiether such a hy- 
podiesis can allow for sijgnificant fimess 
benefits through migration. The importance 
of food intake for b»ty growdi {IQ) and die 
contribution of growth to fitness tiuough 
decreased mortality (2i), increased fecundi- 
ty (22), and improved male (23) and female 
{14) breeding success have been docu- 
mented in many fishes. There are also well- 
studied cases of growth rates increasing with 
movement across the fieshwater-ccean 
boundary. Juvenile anadronK>U5 Pacific 
salmon, for example, can experience a 10 to 
50% increase in their daily growth rate 
during tiidur first week of ocean life (22). In 
addition, a recent survey by Gross (4) of 
diadronwus and nondiadromous popula- 
tions within seven salmonid spedes showed 
that the only significant difference in major 
life histoiy traits was that individuals in 
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Thermodynamics and Stoicheiometry of the Binding of Substrate Analogues 

to Uricase 
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The subunit composition, metal content, substrate-analogue binding and thermal 
stability of Aspergillus flavus uricase were determined. A.flavus uricase is a tetramer 
and contains no copper, iron or any other common prosthetic group. Analytical- 
gel-filtration and equilibrium-dialysis experiments showed one binding site per subunit 
for urate analogues. The free energy of xanthine binding was — 30,5kJ (^7.3 kcal)/mol 
of subunit by equilibrium dialysis and — 30.1kJ {— 7.2kcal)/mol of subunit by 
microcalorimetry. The enthalpy change for xanthine binding was — 15.9kJ (— 3.8kcal)/ 
mol of subunit when determined from the temperature-dependence of the equilibrium 
constant and — IB.OkJ (— 4.3kcal)/mol of subunit when measured microcalori- 
metrically. The thermal inactivation rate of A. flavus uricase increases as protein 
concentration is decreased. This concentration-dependent instability is not due to 
subunit dissociation. 



Uricase (urate-oxygen oxidoreductase, EC 
1.7.3.3) from pig liver consists of four apparently 
identical subunits (Pitts et ai, 1974). However, 
because of the reported metal content of 1 mol of 
copper/mol of enzyme (Mahler et aL, 1955), a single 
catalytic site has been assumed (Pitts & Priest, 
1974). There is now some question about the 
presence of functional copper in uricase from several 
other sources (Roush & Shieh, 1963; Nose & 
Arima, 1968; Itayae/a/., 1971;Kosman, 1978). 

The results of studies of the binding of substrate 
analogues obtained with uricase from Aspergillus 
flavus and pig liver have now led to an un- 
ambiguous determination of the binding stoicheio- 
metry. Thermodynamic parameters for substrate- 
analogue binding and thermal-stability properties are 
also reported. 

Materials and Methods 

A, flavus uricase was obtained from Boehringer 
Mannheim Corp. (New York, NY, U.S.A.) as 
a freeze-dried powder. The enzyme was dissolved in 
O.lM-glycine/NaOH buffer, pH8.8, and dialysed 
extensively against this buffer before use. Pig uricase 
was purified as previously described (Conley & 
Priest, 1979). Uricase activity was determined by 
monitoring the decrease in urate absorbance at 

* To whom request for reprints should be addressed. 



290nm by using a Beckman ACTA C-III recording 
spectrophotometer with thermostatically controlled 
cell chamber. Uric acid was obtained from Cal- 
biochem (Los Angeles, CA, U.S.A.), and solutions 
were prepared fresh daily. Assays were performed at 
24 °C unless otherwise stated. Assay mixtures 
consisted of 3.0 ml of O.l M-potassium borate buffer, 
pH8.8, containing 100/iM-urate at atmospheric 
partial pressure, A molar absorption coefficient of 
1,23 X 10*M"^.cm-^ for urate was used (Kalckar, 
1947). The concentration of A, flavus uricase was 
determined by using an absorption coefficient (A2f\) 
of 16.9. The concentration of pig uricase was deter- 
mined by using an A{f^ value of 11.3 (Mahler, 
1963), after this value had been confirmed. 

The copper and iron contents of A, flavus uricase 
were determined by compleximetric techniques. 
Chelating reagents were obtained from Calbiochem. 
Cuproin (Ochlmann, 1957; Riley & Sinhaseni, 
1958), neocuproin (Sherwood & Chapman, 1955; 
Zall et aLj 1957) and bathocuproin (Borchardt & 
Butler, 1957; Smith & Wilkins, 1953) were used for 
the detection of copper. o-Phenanthroline (Feigl & 
Caldas, 1957; Peters et al, 1956) and bathophen- 
anthroline (Kingsley & Getchell, 1956; Seven & 
Peterson, 1958) were used for the detection of iron. 
Typically, 4mg of uricase was dialysed against three 
4-litre volumes of deionized water, then digested with 
cone. H2SO4. Samples for iron determination were 
treated with 70% (v/v) HCIO^; samples for copper 
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determination were treated with 20% (v/v) hydroxyl- 
amine. The samples were extracted with isopentanol 
containing the appropriate chelating agent, and the 
concentrations of the metal complexes were deter- 
mined spcctrophotometrically. 

The molecular weight and the absolute protein 
concentration of A.flavus uricase were determined 
by sedimentation-equilibrium experiments at 25^C 
in a Beckman model E analytical ultracentrifuge. 
The solvent employed was 0,1 M-glycine/NaOH 
buffer, pH8.8. Experimentally determined values of 
I.0024gm/cm3 and 1.0203 at 25°C for solvent 
density and relative viscosity respectively were used. 
The molecular weight was determined by the 
short-column meniscus-depletion method of 
Yphantis (1964). Absolute protein concentration 
was determined by the method of Babul & 
Stellwagen (1969). 

Gel chromatography was performed on a 
2.5 cm X 70cm jacketed column of Sephadex G-200 
(Pharmacia Fine Chemicals, Piscataway, NJ, 
U.S.A.). The column was equilibrated with 0. 1 m- 
glycine/NaOH buffer, pH8.8, and calibrated by the 
method of Andrews (1964). Zonal gel filtration 
(Ackers, 1967; Chiancone et al, 1968) was per- 
formed on the same column at 24 °C and at 4^5 °C. 
Typically 20 ml of solution containing from 0.002 to 
1.0 mg of protein/ml was pumped on to the column 
and eluted at a rate of 5ml/min. The eflRuent was 
monitored at 280 nm. Measurement of the number of 
binding sites by the gel-filtration method of Hummel 
& Dreyer (1962) was performed with a 
2.5 cm X 70 cm jacketed column of Sephadex G-25 
at 24 °C with saturating concentrations (at least 
lO^x/f,) of ligand. Experiments with pig uricase 
were performed in O.lM-sodium carbonate buffer, 
pH 10.2, and those with A. flavus uricase in 
0.1 M-glycme/NaOH buffer, pH8.8. 

Polyacrylamide-gel electrophoresis in the presence 
of sodium dodecyl sulphate was performed accord- 
ing to the method of Weber & Osborn (1969). 

Equilibrium-dialysis experiments were performed 
with a multichamber equilibrium-dialysis cell 
(Chemical Rubber Co.). [^*C]Xanthine was ob- 
tained from ICN (Irvine, CA, U.S.A.) (specific 
radioactivity 57mCi/mmol). A 0.5 ml sample of 
O.lM-glycine/NaOH buffer, pH8.8, containing from 
0.5 to 2.0mg of uricasc was placed on one side of the 
dialysis membrane, and 0.5 ml of ["Clxanthine 
solution was placed on the other. Samples were 
equilibrated for 18 h at the desired temperature in a 
shaking water bath. Portions (50//1) were with- 
drawn, diluted into 15ml of Bray's (I960) solution 
and their radioactivities counted in a Packard 
Tri-Carb liquid-scintillation spectrometer, 

Microcalorimetric experiments were performed 
with an LKB batch microcalorimeter equipped with 
gold cells. Experiments were performed at 24°C. 



Typically, 2 ml of 0.1 M-glycine/NaOH buffer, 
pH8.8, containing 6mg of uricase was placed in one 
side of the reaction cell and 4 ml of xanthine solution 
was placed in the other. Exact amounts added were 
determined by weighing the syringes used to transfer 
the solutions before and after transfer. The cell 
compartment was sealed and allowed to come to 
thermal equilibrium. The ligand and enzyme were 
mixed, and the heat of binding was measured. The 
calorimeter was calibrated electrically. The heat of 
dilution of sucrose (Gucker et al, 1939) was 
measured periodically as a check of calorinieter 
stability. 

Results 

Table 1 shows that neither copper nor iron was 
detected in significant quantities in fully actiye A. 
flavus uricase. Three different, and relatively 
specific, chelating agents were used for the detection 
of copper, and two for the detection of iron. Less 
than 0.1 mol of either metal/mol of eniyme was 
detected, and copper or iron, added at a ratio of 
0.5 mol of metal/mol of uricase, could be recovered. 

Pig liver uricase has been shown to be a tetramer 
(Pitts et aL, 1974). A copper content of Imol of 
copper/mol of uricase (Mahler et aL, 1955) has led 
to the assumption of a single substrate-binding site 
(Pitts & Priest, 1974). Table 2 shows that the 
molecular weights, shapes and subunit compositions 
of A, flavus and pig uncases are very similar. A slight 
difference occurs in the spectral properties of the two 
enzymes, and there is a pronounced difference in 
solubility characteristics. 

Even if Oj is neariy completely removed from 
reaction mixtures by bubbling, some turnover 
can still occur, makuig interpretation of urate- 
binding data difficult. Therefore the unreactive urate 
. analogues xanthine and trichloropurine were used to 



Table 1. Absence of copper and iron from A. flavus 
uricase 

Acid digests of the proteins were extracted with 
isopentanol containing the chelating agents cuproin, 
neocuproin and bathocuproin for copper, and 
o-phenanthroline and bathophenanthroline for iron. 
Concentrations of the metal complexes were deter- 
mined spectrophotometrically. Samples (1ml) con- 
taining 4.0 mg of uricase (32//m) were used in each 
experiment. Values shown reflect the number of mol 
of metal bound/mol of enzyme. 

Added metal Recovered metal 

Metal (mol/mol of uricasc) (mol/mol of uricase) 

Copper None <0.06 

Copper 0.50 0.46 ±0,05 

Iron None <0.08 

Iron 0.50 0.58 ±0.03 

1980 
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Table 2. Physical properties of pig andA^flavus uncases 
The specific activity of the A. ftavus uricase was 
16.9 units (//mol/min)/rng. 

Property 
Molecular weight 

5So,w.(S) 
///mln. 

Subiinit molecular weight 
A„aj. (nm) 

Solubility (mg/ml) 
. pHlO.OJ 
pH7.0t 

* Values are those reported by Pitts et al (1974). 

t Values are those reported by Mahler (1963). 

t Buffers used were 0, 1 M-sodium carbonate at pH 10.0 
and O.lM-potassium phosphate at pH7.0. The enzymes 
were dissolved by vortex-mixing in the appropriate 
buffer for 2 min, centrifuged to remove undissolved 
ptQtein, and the dissolved protein concentration was 
determined by measuring the absorbance at the 
appropriate A„„. 

§ Determined from sedimentation-equilibrium data. 

I \ Determined from sedimentation-velocity data. 

<l Determined from relative mobility on poly- 
acryamide-gel electrophoresis in the presence of sodium 
dodecyl sulphate. 

*• The absolute protein concentration was calculated 
by the method of Babul & Stellwagen (1969). 



investigate the number of purine-binding sites on 
uricase. Both of these compounds behave as 
classical competitive inhibitors of uricase with 
respect to urate (xanthine, K^^ZS}fM\ tri- 
chloropurine, = 0.4 //m). Gel-filtration experi- 
ments, performed by the method of Hummel & 
Dreyer (1962), were used to estimate an A.flavus 
uricase binding stoicheiometry of 3.8 ±0.4 for 
xanthine and 4.1+0,3 for trichloropurine. The 
relative insolubility of pig uricase prevented precise 
stoicheiometry estimates, but both trichloropurine 
and xanthine bound at a ratio significantly greater 
than 1:1. 

Fig. 1 shows that inactivation occurred when A, 
ftavus uricase samples were maintained at elevated 
temperatures. Similar inactivation profiles obtained 
with pig uricase have been shown to fit a reversible 
first-order two-state (fully active and totally inactive 
enzyme) kinetic model (Pitts et al, 1974). Such a 
model can also be used for A.flavus uricase. Fig. 2 
shows that the thermal inactivation of A. flavus 
uricase is also enzyme-concentration-dependent. 
Rate constants for both the forward and the reverse 
processes are shown in Table 3. The insolubility of 
pig uricase made such studies difficult with that 
enzyme. 

Vol. 187 



729 




40 60 
'fime (min) 

Fig, 1. Decrease in A.flavus uricase initial velocity mth 
time at elevated temperatures 
Samples (1 ml) containing O.OlOmg of uricase/ml in 
0. 1 M-glycine/NaOH buffer, pH8.8, were immersed 
in a water bath at 24«C (O), 35°C (□), 45°C (A), 
51**C (a) or 63°C (•). After 1.5min. for tem- 
perature equilibration, samples were withdrawn and 
initial rates were determined at 290nm in 0.1m- 
sodium borate buffer, pH8.8, containing lOO/Ai- 
urate at 24 °C. A value of 1 on the relative 
initial-velocity scale corresponds to a specific ac- 
tivity of 1 6.9 units/mg. 




0 20 40 60 

Time (min) 

Fig. 2. Enzyme-concentration-dependence of the decrease 
in A.flavus uricase initial velocity with time at45^C 
Concentrations used were 0.9 1 mg/ml (O), 
0.106mg/ml (□), 0.053mg/ml (A) and O.OlOmg/ 
ml (#). Other conditions are the same as in Fig, 1. 



Fig. 3 shows that subunit dissociation is not the 
source of the concentration-dependent thermal in- 
stability of uricase. Zonal analytical-gel-filtration 
experiments were conducted over a protein con- 
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Table 3. Apparent first-order rate constants for thermal 
inacttvation ofA.flavus uricase 
Rate constants were calculated from the results 
shown in Figs, I and 2 by the method previously 
reported (Pitts et ai, 1974). 



Temperature 
(-C) 

45 
45 
51 



Uricase 
(mg/ml) 

0.053 
O.OlO 
0.010 



(min"') 
0.055 
0.084 
0.077 



/Cb (min-^ 
0.096 
0.067 
0.017 




0.04 



0.20 



1.00 



0.08 0.12 0.16 
lUricase] (mg/ml) 

Fig. 3. Zonal gel filtration ofA.fiavus uricase 
A 2.5 cm X 70 cm column of Sephadex G-200, 
equilibrated with 0.1 M-glycinc/NaOH buffer, 
pH8.8, was used at 24°C (O) and at 45°C (A). 
Typically 20 ml of protein solution was pumped on 
to the column and eluted at a flow rate of 5 ml/h. 
The elution volume (F) is defined as the centroid 
of the leading edge of the protein zone (Ackers, 
1967). 
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Fig. 4. Equilibrium-dialysis measurements of xanthine 
binding toA.flavus uricase 
A sample (2mg) of uricase in 0.5 ml of 0.1m* 
glycine/NaOH buffer, pH8,8, was placed on one 
side of a membrane, and xanthine in the same buffer 
system was placed on the other. After 18 h the 
concentration of [**Clxanthine was determined on 
each side of the membrane, and the amount bound 
was calculated. Results obtained at 16°C (#), 24*C 
(A) and at SS^'C (O) are plotted in accordance with 
the Scatchard (1949) relationship. 
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Fig. 5. Temperature-dependence of the A.flavus uricase- 
xanthine binding constant 
Conditions were the same as described in Fig. 4. 
Points represent the averages of at least five separate 
determinations and error bars the standard 
deviation. 
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Fig. 6. Reciprocal plot of microcalorimetrically deter- 
mined heat associated with xanthine binding to A.flavus 
uricase 

The heat of dilution of the xanthine solution was 
blanked out in each experiment; the heat of dilution 
of the enzyme was measured separately and the 
binding heats were corrected accordingly. As recom- 
mended by Bolen et ai. (1971), Q^^ was measured 
at high ligand concentration and used to calculate 
the concentration of free xanthine. Binding was 
performed at atmospheric partial pressure (O) 
and at 100% (A). 



centration range that exhibited inactivation._ No 
change was observed in the elution volume (V) of 
the leading edge of the protein band. Results were 
identical at 24«C and 45*='C. 
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Table 4. Thermodynamic parameters for the binding of xanthine to A ,flavus uncase at24°C 
Values of AG**, A//** and AS** are given per mol of subunit. Free-energy change was calculated from the relationship 
^ -RTAnKi^y and entropy change was calculated from the relationship AC** = Af/**-rAS'°. 

ATfe (m->) AG« (kJ/mol) A//« (kJ/moI) AS** (J-mol-'-K"0 
Equilibrium dialysis 2.33x10^ -30.5 -15.9 49.4 

Microcalorimetry 2.11x10^ -30.1 -18.0 41.0 



Equilibrium dialysis was used to measure xan- 
thine binding. Linear Scatchard (1949) plots were 
obtained at each temperature used {see Fig, 4). A 
binding constant of 2.33 x 10^ m"' was estimated at 
24**C. Identical results were obtained over the 
enzyme concentration range 0.5-2.0 mg/ml. 

Binding constants were determined as a function 
of temperature over the range 16-35 °C. When they 
were plotted according to the van't Hoff relation- 
ship (see Fig. 5), an enthalpy change of — l'5.9kJ 
(— 3.8kcal)/mol of binding sites was obtained. 
Microcalorimetry was also used to measure the 
enthalpy change for xanthine binding at 24*C (see 
Fig. 6). Extrapolation to infinite xanthine con- 
centration allowed an estimate of — IS.OkJ 
(— 4.3kcal)/mol of binding sites. Essentially identical 
results were obtained in 0.1 M-glycine and 0.1 M-Tris 
buffer systems at pH8.8. Since these two buffers 
have different heats of ionization (Hinz et aL^ 1971), 
proton dissociation does not appear to accompany 
xanthine binding. A summary of the thermo- 
dynamic parameters for xanthine binding, including 
the entropy change at 24°C, is shown in Table 4. 

Discussion 

Uricase from A. flavus and pig liver are both 
tctrameric. The A. flavus enzyme contains one 
purine-binding site per subunit. The relative in- 
solubility of the pig enzyme made stoicheiometry 
estimates less precise. Nevertheless urate analogues 
bound at a ratio clearly greater than 1 molecule per 
tetramer. Therefore previous assumptions of sub- 
strate-binding stoicheiometry, based on apparent 
copper content (Pitts & Priest, 1974), are incorrect. 
Since copper is not present in A, flavus uricase, and 
if present in the pig enzyme is not required for purine 
binding, it is unlikely that copper plays a direct role 
in enzymic catalysis of urate oxidation. 

Both the A, flavus and pig enzymes are thermally 
inactivated in a manner that fits a reversible 
first-order kinetic model. The A. flavus enzyme also 
exhibits a protein-concentration-dependence for this 
thermal inactivation. Subunit dissociation was ruled 
out as the cause of the concentration-dependent 
lability of the A. flavus enzyme. Dissociation of a 
prosthedo group could account for the concen- 
tration-dependence, but the present evidence sug- 



gests that the enzyme does not contain a readily 
dissociable cofactor. 

Below 35 °C the enzyme was sufficiently stable for . 
us to conduct equilibrium binding studies with urate 
analogues. Close inspection of binding isotherms can 
be used to test for interaction between binding sites. 
With the use of linearized plotting forms no evidence 
could be obtained for such interactions by equilib- 
rium dialysis or microcalorimetric measurements. 
Both techniques yielded essentially the same binding 
constant at 24*C. This constant compares quite well 
with the steady-state kinetic inhibition constant, 
(3.0/^m), for xanthine. For comparison, the binding 
constant in Table 4 can be expressed as a dis- 
sociation constant A^^j (4. 3 //m). 

The enthalpy change for xanthine binding to A. 
flavus uricase, as determined from the temperature- 
dependence of the binding constant and by micro- 
calorimetry, are in very close agreement. No protein 
dissociation could be detected from the micro- 
calorimetric measurements, nor would such close 
agreement be expected between the two techniques if 
such were the case. The relatively small enthalpy 
change when combined with the equilibrium con- 
stant at 24 °C yields a positive entropy change. 
Neither the enthalpy term nor the entropy term 
dominate the free-energy equation at 24^ C. Such an 
entropy change is consistent with a decrease in the 
degree of hydration on binding of xanthine. 

We express our appreciation to Dr. W. W. Fish and 
Mr. James Collawn for their help with the ultra- 
centrifuge experiments. Financial assistance was provided 
by a grant from the Research Corporation. 
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PimiFIGATIpN OF URICASE FROM 

T- GV Conley and p. G . Priest 
Department of Biocheniistiy, Medical Uriiy^rstitty o£ South Garolina 
Charleston, South Carolina 29403 

■/ ABSTRACT ' 

A simple, rapid procedure for the purificatibn of uricase 
from nianiinallan tissue is reported. The procedure is based on the 
precipitation of mainmaliaii uricase under certain dialysis cbiidi- 
tioiis, and on its low solubility near neutral pH. Exceptionally 
high yields of homogeneous enzyme are obtained. 

INTtoDUGTIQN 

The Starting material for purification of porcine liver 
: uricase bias typically b^een dried p6Wd€TS pr acetone 
• ' precipitates of liver extracts - Much of the original liiricase 
; activity in liver is l<i^s:t dor ultimately 
resulting in relatively low yields. Affinity chromatographic 
tediniques for purif ici^tion have been developed by Batista- Vi era 
et alv^. Partially purified commercial preparations are used as 
starting material* The procedure reported here allows unusually 
high recovery of homogenous uricaso using frozen liver as the 

197 

Copyright <& 1979 hy Marcel Dckker. Inc. AU Rights Reserved. Neither this; wbrk hor any part 
tnay be teprodaced or Uansmitted in any form or by any mcafts* elcctrwlc or raechaiiical, indudlhe 
photocopying, itUcrofilming, and. recording, or by any information storage and retrieval system, 
without p«rml3sinh in writing from the publisher. 
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Starting material. The procedure requires only two ?»teps, with 
an imusual dialysis mediated precipitation^*^ responsible for the 
major purification, IMs procedure is suitable for large scale 
preparations of homogeneous uricase. 

MATERIALS AND MHTHODS 

Porcine liver was routinely obtained frojn local slaughtt^r- 
houses and frozen at -20* until used. Liver frozen for as long 
as a year showed no loss in uricase activity. 

Uric acid was obtained from Calbioch em, . Uricase activity 
was detemined by iiieasuring the rate of cJecreii.se in absorbancc at 
290 nra, with a Beckman Acta C-III recordijig_ spectrophotometer, A 
inolar ex tii^Gtioii coefficient for urlC . acid of 12,300 was used^. 
Standard assay conditions were 100 jiM :UTat(^ in 0.1 M sodium borate 
buffer, pH 8.8, at 2S^^. the concentration of : protein in crude 
preparations was deterrainbd by the met hbd of Warburg and 
Christ iaji?, flic concentration of purified uricase wias determined 
from the extinction coefficient ~ 11.3^^. 

PolyaGrylamide gel electrophoresis experimeats in the 
, presence of sodium dodccyl siulf ate Were to the 
procedure oif Weber aiid Osbbrn^'^ . PTO 

stained with Coomosie. Brilliant Blue R (Sigma Ghemical Co.); 

RRSliltS • 

Mahler et al, reported that porcirie uricase would precipitate 
upon dialysis against trl^ buffer, and incorporated this finding 
into a procedure to pi^ the enzyme this tendency of : 

: jnamnaliah uricase to precipitate upon dialysis is liot restricted 



^jRlGASE FROM MAMMALIAN XISSIIE 199 

to a particular buffer system. Table I shows uricase activity 
reroaining in solution after the enzyme has been dial yzcd against 
various buffers. The pH of the buffers against which the enzyiBe 
vas dialyzed did not chiangc significantly during the course of any 
experiment. Essentially all of the activity lost from the siiper- 
natant could be accounted for by redissolvinjg the pTecipitated 
protein in 0,1 M sodium carbonate, pji 10, 2, with: vigorous vortex- 
jng:. Table I further shows that 80% of the. porcine ur lease had 
precipitiit«K3 when dialyzed for 48 hours against the same buffer 
in which it is normally stored (0,1 M sodium carbonate, pH 10.2). 
No precipitation is noted when the enzyine is stored without 
dialysis. Dialysis a gain^st OiOl M ttis,, pll 8,0;. caused;.: es sent ia^^ 

TABifi' J 

Uricase Activity Remaining After Dialysis^ ^ 

Perc etitajge Act ivitiy^ ^ 
Dialysis 



Dialysis Medium 


L 




■ ; 24_ 


5i 


0.1 M Sodium Gaibonate, pH 10.2 


92 


69 


■32 


18 


0.1 M Glycine, pH 8,5 


88 


38 


A 


2 


0.01 H Glycine, pK S,5 


86 


40; 


•6 


<i 


0.1 M Tris, pH 8.0 


42 


16 


4 


. <1 


0.01 M Tris, pH 8.0 


46 




-2 : 


<1 


l.O M Sodium Chloride^ pH 7.2 


is 


73 


-^2 


^2 



^One ail sajaplcs containing 0..S mg-per ml of porcine; uricase (sp. 
*ct. 8:4) in 0;1 M sodium carbonate buffer, pH iiO,?* were dia- 
lyi^d against 1.8 L of eiach ; i^^ ^t the ;end; of the; appix)pi^ 
tiitiie peri 0(i a saznpie wk^ ; reiiio^ fx6rii the d^iaiysis medii^ cbntri- 
fuged to reiupve precipitateci enzyme, tuid t fie isupeniat ant assayed 
for uricase activity. 
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ly all of the urlcase activity to precipitate within 12 hours. 
Therefore this buffer system wa5 chosen for incorporation into 
the following purification procedure. 

Porcine liver (FroiTi SO to 600 gms) was homogenized in two 
■ volumes of di sti ll ed water in a blender. The suspension* was 
centrifuged in ia Sorvall RC-2B centrifuge at 15,000 for IS 
jninutes. TiiP pelleted material was washed witH distilled water by 
blending and recentrifuged. Urlcase was soiubilized by placing 
the pefllet in 6 voluines oF 0.1 M sodium carbonate buffer, pH iO.2 
Cbased on the original amount of tissue used) and blended at high 
speed for 2 jninutcs. After c en trifugation/ the pH- of the super- 
natant waij lowered to 6.8 with 3 M acetic acid. The flbcculant 
p!reGipi.tate by cehtrifugation at .20;d6o g, Urieasc 

precipitated; upon, adjustment of the pH tp: 4.7 with glacial acetic 
acid. The precipitated ra.^terial was rcdissolved in a minimal 
amount of 0. I M; sod! uoi,. carbonate, pH :l 0.2, with vigorous agitation^ 
and dialyzed against^. 01 M tr^is., pH 8.0, fdr IZ hours to preciplt- 
tate the enzyqic. Aft; ex washing with 0.0$ W-giy^ the 
enzyme was dissolved by Vbrtexirig in, 0, 1 . M sodium carbonate. 
1QV2: The dlalysis/p^^ step and ■^tycihe Was]^^^^^^ 

refpeated onc^;. Fuirther reprec imitation caused a decrease in^ 
specific activity. The ixir if ied enzyme was stored in G.l M 
sodium carbbnGte.pH 10.2, at 4*. Itoder these 'conditions the 
cnzyxac remained in solution, with a loss in specific activity of 
less than 10% after six month*;. 
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Table II shows the results of a typical purification. Twenty 
of urica$e per kg of porcine liver, with a specific activity of 
approximately 8.5, was obtained routinely. The eriz)ODtte is honiogeh^ 
opus upon pol)4cfylariiide |ei iei^ctrbph^^^ of 
^bdiviin; cibdecyl sul A slower mpviiig, minor band ^ previously 

observed^? upon electrophoresis of conmiercial prepiarations of 
porcine liver uricase was ^ present. It could be generated by 
treatnient of our prepstxations with glycerol, a component of the 
jaedia in which the coiiunercial preparations were stored. The 
catalytic, properties of uricase prepared by the procedure presented 
here are identical to those of urickse commercially prepared^ ^. 

TABLE II 
Purification of Porcine Uricasi^ 



Total 

Volume Protein total Specific Yield 

Pigification Step (ml) (mgj Activity Activity .(%) 

pH 10.2 Ciarbonate 

Extract 1210 19,118 83.5 0.004 100 

pH 6.8 Supernatarit 1155 15,165 72.9 0.005 94,9 

pH 4-7 Precipitate^ 
Redis solved in • 

pH 10.2 Carbonate iOO 5,330 55. 7 6.017 66.7 

Enzyme! Precipitated 
by Dialysis vs Tiris, 
Rediissolved in pH 

10.2 Ca;rbonate 10 6.9 43.2 6,22 51.7 

Eiizyme Reprecipitated 
by biaiysis ys Tris^ ' 
Redissblved in 

pH 10.2 Carbonate 10 4,3 36.0 8.38 ; 43.1 

^Starting material was 212 gra of frozen porcine liver. 
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DISCUSSION 

Essentially no uricase activity is solubillzed when mamalian 
liver is homogenized in water at neutral pH. As the pH is in- 
creased, uricase becomes raore soluble, this property provides a 
convenieht means for extraction. Water soluble protein can be 
removed by washing with water at pH 7,5 i allowing the subsequent 
extraction of uricase at 10.2. After extraction; reprecipita- 
tion by lowering the pH provides a further increase in specific 
activity stnd concentration of the eiizy^^ 

Mamaliaji uricase precipitates upon dialysis^ even though 
the resenrdir buffer is essentialiy the same as the buffer in 
which thfe enay^ ihf ecipitat ion -4bes not occur upon: 

standing. A ;^uolfiaticih:^i^ a^j^ears to require the dialysis 
conditions/ A m of the erizyme caii be obtained 

by this very selective precipitation. The eaizypie^^^^p 
precipitation in this manner is hom6geji<si6u$ By «1 ectropl^ 
criteria and behaves otherwise in a manner identical to uricase 
prqpaured. by Gth0r 

The high: yield of homogeneous uricase that can be obtained 
in large quantities by this siniple purification approach has 
obvious advantages dyer n^)^ classical techniques. Even a 
recently developed affinity chromatographic approach^, while 
able to yield highly homogeneous uricase, nevertheless is liinited 
by the chromatographic steps and cannot give rise to the quanti- 
ties of uricase yielded by the present technique. This method 
should prove useful fOr pilot plant or production scale 
quantities of uricase from mamBalian sources* 
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IN THE UNITED STATES PATENT AND HIADEMARK OFnCE 



In re application of: 
WILLIAMS ei al 
Appl. No.: 09/839,946 
Filed: April 19,2001 



Examiner: Saidha, T. 

Atty. Docket: 2057.0090003/JAG/BJD 



Art Unit: 1652 



Confirmation No.: 5256 



For: PEG-Urate Oxidase Conjugates 
and Use Thereof 

Declaration of Merry It Sherman Under 37 C.F.R. § 1.132 



Commissioner for Patents 
PO Box 1450 

Alexandria, VA 22313-1450 



I, the midersipied. Merry R Sherman, declare and state that: 

1. I am a co-inventor of the above-captioned U.S. patent application nimiber 
09/839,946, filed April 19, 2001, entifled, "PEG-Urate Oxidase Conjugates and Use 
Thereof." 

2. I am also the President of Mountain View Pharmaceuticals, Inc. ("MVP"), 
a co-assignee of the present application by virtue of an assignment from L. David 
Williams, Mark G. P. Saifer and Merry R. Sherman to MVP executed on September 29, 
1999, and recorded in the U.S. Patent and Trademark OfiBce on November 30, 2001, 
beginning at Reel No. 012320, Frame No. 0564. 

3. My curriculum vitae is attached as Exhibit A, 



Sir: 



4. I have reviewed the above-identified patent application and the Office 
Action dated January 26, 2005. I would like to address certain remarks raised by 
Examiner Saidha in the Office Action. 
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5. On page 2 of the Office Action, Examiner Saidha states that Lee et aL 
(hereinafter "Lee") discloses that mammalian uricase is a "tetramer with submit size of 
32,000 daltons," The Examiner uses this statement in Lee to support his assertion that 
the mammalian uricase in Lee was 100% in the tetrameric form. However, the 
mammalian uricase refeired to by Lee, in tiie sentence pointed out by the Examiner, 
refers to mammalian uricase "associated with the peroxisome." The mammalian uricase 
"associated with the peroxisome" is very different from the purified mammalian uricase 
disclosed by Lee. Specifically, while mammalian uricases in vivo (z.e., associated with 
the peroxisome) exist as a tetramer, isolated purified preparations of natural and 
recombinant uricase, as indicated in the present specification and as disclosed by Lee, 
usually contain a mixture of aggregated non-tetrameric forms of the enzyme, in addition 
to the tetrameric form. See specification at page 16, lines 5-8. 

6. As explained in the present specification, a mixture of various aggregated 
forms of the uricase, other than the tetrameric form, is believed to be highly 
immunogenic. See specification at page 16, lines 8-16. However, the present application 
teaches a method for isolating a tetrameric form of uricase from a solution containing 
natural and/or recombinant forms of uricase, thereby reducing the immunogenicity of the 
uricase without disrupting its activity. See specification at page 10, lines 15-29. The 
purification procedure, as outiined in the present specification, results in the 
chromatographic results shown m attached Figures 1 and 2. Figures 1 and 2, attached 
hereto, were disclosed in U.S Patent No. 6,783,965 ("the '965 patent") as Figures 2 and 3. 
MVP is the assignee of the '965 patent. 
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7. Figure 1 illustrates size exclusion HPLC analysis on a Phamacia 
Superdex 200 column (1x30 cm) of the load and selected fractions from a preparative 
Mono Q chromatography of porcine uricase containing the mutations R291K and T301S 
(PKS uricase) showing data obtained by a light scattering detector at 90**C (upper curves) 
and by absorbance at 276 ran (lower curves). Figure 2 illustrates size-exclusion analyses 
of fractions from a Mono Q column, showing data obtained by a light scattering detector 
at 90** and by absorbance at 276 nm, as in Figure L 

8. The top panel in each of Figures 1 and 2 illustrates that octamers and 
larger non-tetrameric aggregates accoimt for greater than 10% of the uricase present in 
isolated natural and recombinant uricase preparations, such as those disclosed in Lee. 
After the purification procedure of the present application is performed, the majority 
(z.e, at least about 90%) of the uricase present is in a tetrameric form. See bottom panel 
in each of Figures 1 and 2. Thus, these data clearly demonstrate that the purification 
procedures disclosed in the present appUcation are required in order to obtain the 
presently claimed isolated mammalian uricases in which at least about 90% of the 
uricase is in the tetrameric form. Accordingly, without specifically purifying their 
uricase preparations according to the methods of the present application, the authors of 
Lee would not be expected to have produced an uricase preparation in which at least 
about 90% of the uricase is in a tetrameric form. 

9. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
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and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 1& of the United States Code and that such willful false statements may 
jeopardize the validity of the present patent application or any patent issued thereon. 



Respectfully submitted. 
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